Introduction {#sec1-1}
============

The main objective of endodontic therapy is to eliminate microorganisms, their products, and sub-products \[[@ref1]\] \[[@ref2]\]. Complete periapical healing after root canal therapy may be influenced by the apical limit of the root canal obturation and the composition of the filling material \[[@ref3]\]. Root canal sealers used for the treatment of teeth with periapical lesions should be biologically compatible and allow for periapical healing due to their close contact with living periapical tissues over a long period \[[@ref4]\]. Their biocompatibility may be responsible for completing the histologic repair of periapical tissues after root canal treatment, without triggering any adverse reactions, including, inflammation, carcinogenicity, toxicity or allergy \[[@ref5]\].

Sealers currently being used in clinical practice include resin-based, zinc oxide-eugenol-based, glass ionomer-based, calcium hydroxide-based, and silicone-based endodontic sealers \[[@ref6]\] \[[@ref7]\]. iRoot SP (Innovative BioCreamix Inc, Vancouver, Canada) is a ready-to-use injectable white hydraulic cement paste developed for permanent root canal filling and sealing applications.

According to the manufacturer, iRoot SP is an aluminium-free, calcium silicate and resin-based material similar in composition to white MTA and is hydrophilic that utilises the water inherent in the dentinal tubules to drive the hydration reaction. The iRoot SP chemical composition includes zirconium oxide, calcium silicates, calcium phosphate, calcium hydroxide, filler, and thickening agents. It has both excellent physical properties and antimicrobial activity \[[@ref8]\]. The calcium silicates content in the powder hydrate to produce a calcium silicate hydrate gel C-H-C and calcium hydroxide CH. The calcium hydroxide reacts with the phosphate ions in the dentinal fluid and precipitates hydroxyapatite and water \[[@ref9]\].

On the other hand; according to the manufacturer, Apexit (Ivoclar Vivadent, Schaan, Lichtenstein) is a two-component (base and activator) calcium hydroxide-based sealer. The base is formed mainly of calcium hydroxide/calcium oxide, hydrated collophonium, fillers and other auxiliary materials. The activator contains disalicylate, bismuth hydroxide/bismuth carbonate, fillers and other auxiliary materials. The material sets by complex formation. Apexit promotes hard tissue formation but tends to dissolve over time and may thus compromise the endodontic seal \[[@ref10]\].

The aim of the present study was to in vivo to evaluate and compare the periapical healing in response to a calcium silicate based sealers (iRoot SP) and a calcium hydroxide-based sealer (Apexit).

Materials and Methods {#sec1-2}
=====================

All animal procedures in this study were performed according to the protocols reviewed and approved by the Ethical Committee of National Research Centre, Giza, Egypt in compliance with the applicable ethical guidelines and regulations of the international guiding principles for biomedical research involving animals.

Seventy-two root canals from the upper premolars of six dogs (ages 12-18 months and weight 8-15 kg) were used during this study. The animals were anaesthetized intravenously with sodium thiopental (30 mg/kg body weight, Thiopental eipico, Eipico, Egypt). Standardized periapical radiographs were taken for later comparison with that obtained after root canal treatment. The dental arch was isolated using a rubber dam and 2% chlorhexidine gluconate was used as an antiseptic agent. Access cavity was prepared, and pulp was removed.

The apical cementum layer characteristic of dogs' teeth was then perforated with the sequential use of size \#15 to \#30 K-files, thus creating standardised apical openings \[[@ref11]\]. Root canals were left exposed to the oral cavity for 7 days to allow microbial contamination in the experimental groups. Access openings were then sealed using zinc oxide-eugenol-based temporary filling (Coltosol-ldent). After 45 days, the development of apical periodontitis was radiographically confirmed.

The root canals were instrumented to the working length up to a size \#60 K-file. A size \#30 K-file was taken to the total root length to ensure apical patency. After final irrigation with saline solution, the root canals were dried and then filled with 14.3% buffered EDTA, pH 7.4 (Meta BioMed Co., Chungbuk, Korea), for 3 minutes then rinsed using saline solution and dried.

The teeth were then randomly assigned to four groups as follows: group 1: (n = 24); roots were obturated using gutta-percha and Apexit sealer with lateral condensation technique; group 2: (n = 24) roots were obturated using gutta-percha and I-Root SP sealer, Group 3: (n = 12) the teeth were left open without obturation or coronal restoration (+ve control group) and Group 4: (n = 12) where healthy teeth were used as a -ve control samples for comparison with the findings obtained from the experimental groups. Amalgam restorative material was used for coronal restorations for all teeth. The dogs were fed a soft diet for 3 to 5 days after dental procedures.

Dogs were then divided into three groups (n = 2) according to the post evaluation periods (1 month, 2 months and 3 months). At the end of each evaluation period, standardised radiographs were taken to detect the presence or absences of periapical radiolucency then 2 dogs were sacrificed by the use of overdose of sodium thiopental. The mandibles were removed immediately by dissection of the surrounding soft tissues. The experimental teeth with the surrounding bone were sectioned using the electrical surgical saw. Block sections were fixed in 10% formalin and decalcified in EDTA.

Three sections from each block were cut 4-6 µm thick and stained with hematoxylin-eosin. The sections were evaluated by two blind evaluators at different magnifications using a CX21 Olympus microscope (Tokyo-Japan). The following parameters were evaluated and scored as follows: (a) newly formed mineralized apical tissue: absent (0), partial (1), almost complete (2) and complete (3); and (b) periapical inflammatory infiltrate: absent (0), mild (1), moderate (2), and severe (3).

A non-parametric one-way ANOVA (Kruskal--Wallis) test followed by paired group comparisons using Mann--Whitney U tests at a 5% significance level were used to analyse the effect of the two materials on the bone deposition (the mineralisation process) and inflammation together with the effect of time on the inflammation and mineralisation. Statistical analysis was performed with IBM® SPSS® Version 22 for Windows (SPSS Inc., IBM Corporation, NY, USA).

Results {#sec1-3}
=======

Percentages of periapical inflammatory infiltrate and mineralisation scoring after 1, 2, 3 months evaluation period for the tested groups are listed in [Table 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

###### 

Percentages of periapical inflammatory infiltrate scorings after 1, 2 and 3 months evaluation period for the tested groups

                Post-operative evaluation periods       p-value                                                                                  
  ------------- --------------------------------------- --------------------------------------- --------------------------------------- -------- ----------
  -ve control   0                                       100.0%                                  100.0%                                  100.0%   1.00 NS
  1             0.0%                                    0.0%                                    0.0%                                             
  2             0.0%                                    0.0%                                    0.0%                                             
  3             0.0%                                    0.0%                                    0.0%                                             
                a                                       a                                       a                                                
  +ve control   0                                       0.0%                                    0.0%                                    0.0%     1.00 NS
  1             0.0%                                    0.0%                                    0.0%                                             
  2             100.0%                                  0.0%                                    0.0%                                             
  3             0.0%                                    100.0%                                  100.0%                                           
                c                                       c                                       c                                                
  iRoot SP      0                                       60.0%                                   60.0%                                   60.0%    0.459 NS
  1             40.0%                                   40.0%                                   20.0%                                            
  2             0.0%                                    0.0%                                    20.0%                                            
  3             0.0%                                    0.0%                                    0.0%                                             
                b                                       b                                       b                                                
  Apexit        0                                       20.0%                                   80.0%                                   40.0%    0.308 NS
  1             60.0%                                   20.0%                                   60.0%                                            
  2             20.0%                                   0.0%                                    0.0%                                             
  3             0.0%                                    0.0%                                    0.0%                                             
                b                                       b                                       b                                                
  p- value      0.011[\*](#t1f1){ref-type="table-fn"}   0.006[\*](#t1f1){ref-type="table-fn"}   0.008[\*](#t1f1){ref-type="table-fn"}            

Mean scoring % with different lower case letters in the same column indicate statistically significant difference.

significant (P \< 0.05); ns, non-significant (p \> 0.05); NS = Non-Significant.

###### 

Percentages of mineralisation scoring after 1, 2, 3 months evaluation period for the tested groups

                Post-operative evaluation periods       p-value                                                                                  
  ------------- --------------------------------------- --------------------------------------- --------------------------------------- -------- ----------
  -ve control   0                                       0.0%                                    0.0%                                    0.0%     1.00 NS
                                                                                                                                                 
  1             0.0%                                    0.0%                                    0.0%                                             
                                                                                                                                                 
  2             0.0%                                    0.0%                                    0.0%                                             
                                                                                                                                                 
  3             100.0%                                  100.0%                                  100.0%                                           
                                                                                                                                                 
                a                                       a                                       a                                                
                                                                                                                                                 
  +ve control   0                                       100.0%                                  100.0%                                  100.0%   1.00 NS
                                                                                                                                                 
  1             0.0%                                    0.0%                                    0.0%                                             
                                                                                                                                                 
  2             0.0%                                    0.0%                                    0.0%                                             
                                                                                                                                                 
  3             0.0%                                    0.0%                                    0.0%                                             
                                                                                                                                                 
                c                                       c                                       c                                                
                                                                                                                                                 
  iRoot SP      0                                       60.0%                                   40.0%                                   40.0%    0.545 NS
                                                                                                                                                 
  1             40.0%                                   40.0%                                   20.0%                                            
                                                                                                                                                 
  2             0.0%                                    20.0%                                   40.0%                                            
                                                                                                                                                 
  3             0.0%                                    0.0%                                    0.0%                                             
                                                                                                                                                 
                b                                       b                                       b                                                
                                                                                                                                                 
  Apexit        0                                       40.0%                                   60.0%                                   60.0%    0.779 NS
                                                                                                                                                 
  1             60.0%                                   40.0%                                   40.0%                                            
                                                                                                                                                 
  2             0.0%                                    0.0%                                    0.0%                                             
                                                                                                                                                 
  3             0.0%                                    0.0%                                    0.0%                                             
                                                                                                                                                 
                b                                       b                                       b                                                
                                                                                                                                                 
  p- value      0.003[\*](#t2f1){ref-type="table-fn"}   0.014[\*](#t2f1){ref-type="table-fn"}   0.006[\*](#t2f1){ref-type="table-fn"}            

Mean scoring % with different lower case letters in the same column indicate statistically significant difference.

significant (P \< 0.05); ns, non-significant (P \> 0.05); NS = Non-Significant.

Although a statistically significant difference was revealed between the control groups and the iRoot SP and Apexit sealer groups; no statistical differences were found between the two sealers regarding inflammatory response and mineralisation. However, results showed early signs of mild and moderate inflammatory infiltrate in Apexit sealer when compared with iRoot SP. After two and three months; iRoot SP sealers showed insignificant more partial and almost complete mineralisation scorings than Apexit type.

Representative photomicrography of iRoot SP, Apexit and the control groups' specimens after 1, 2 and 3 months evaluation periods are shown in Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}. For iRoot SP sealed specimen; one month evaluation period showed healing with connective tissue (C.T.) with no signs of bone formation ([Figure 1A](#F1){ref-type="fig"}); scattered osteocytes appeared after 2 months evaluation period ([Figure 1B](#F1){ref-type="fig"}); while new bone formation foci appeared after 3 months ([Figure 1C](#F1){ref-type="fig"}).

![Photomicrograph of representative HE-stained microscopic sections in specimen filled with iRoot SP sealer after: (A) one month, showing healing with connective tissue (C.T.) with no signs of bone formation (x100); (B) two months showing bone formation appeared as scattered osteocytes (arrows) (x100) and (C) three months, showing new bone formation foci with no signs of inflammation (x200)](OAMJMS-6-1475-g001){#F1}

On the other hand, the photomicrographs of Apexit sealed specimen showed moderate inflammatory areas and moderate angiogenesis with some calcified foci after one month evaluation period ([Figure 2A](#F2){ref-type="fig"}). New blood vessels formation with mild mineralisation and mild inflammation appeared after 2 months ([Figure 2B](#F2){ref-type="fig"}); while new bone formation and periodontal ligament regeneration appeared after 3 months ([Figure 2C](#F2){ref-type="fig"}).

![Photomicrograph of representative HE-stained microscopic sections in specimen filled with Apexit sealer after: (A) one month showing moderate inflammatory areas (thin arrows), moderate angiogenesis (thick arrows) with some calcified foci (\* ) (x100 ); (B) two months showing new blood vessels formation with mild mineralization and mild inflammation (\*) (x100) and (C) three months showing the root tip (\*) with periodontal ligament regeneration (thin arrow ) new bone formation (thick arrow ) (x100)](OAMJMS-6-1475-g002){#F2}

Discussion {#sec1-4}
==========

Sealers are responsible for preventing reinfection and filling of irregularities in the prepared canal system. Root canal sealer should support and accelerate the repair and the regenerative processes of the injured periradicular tissues \[[@ref12]\].

The experimental model of lesion induction used in this study was based on previously established criteria \[[@ref12]\]. In this study, the apical cementum barrier of roots was perforated to obtain a patent foramen which is considered as an important step in foraminal debridement \[[@ref14]\] \[[@ref16]\].

Alkalinity and the ability of a material to release calcium ions were suggested to be responsible for stimulation of repair by deposition of mineralised tissue through the activation of alkaline phosphatase. Additionally, the released calcium ions extracellularly have been reported to induce BMP-2 expression. Calcium ions would also react with the carbonate ions present in the periapical tissue, leading to precipitation of calcite granules, which would trigger the process of deposition of mineralised tissue \[[@ref17]\].

Calcium hydroxide-based sealers, are known for their remineralisation effect and antibacterial properties due to the release of hydroxyl ions. Some drawbacks such as poor cohesive strength, greater solubility, marginal leakage and concerns regarding weakening of roots; led to the search for newer calcium silicate based sealers with properties similar to MTA but with lower cost, shorter setting time and proper handling characteristics \[[@ref18]\].

iRoot SP has been introduced for use as a bioactive, alkaline, injectable root canal sealer with certain antibacterial properties, of high toxicity when tested in cell culture study on L929 cells but with nontoxic extract \[[@ref19]\]. The effect of iRoot SP on the viability of RAW 264.7 macrophages was also tested and proved to be non-toxic \[[@ref20]\]. This study was directed to evaluate and compare the periapical healing in response to a calcium silicate based sealers (iRoot SP) with that of a calcium hydroxide-based sealer (Apexit).

It has been suggested that calcium oxide in calcium silicate based sealers reacts with the tissue fluids eventually producing calcium hydroxide. The produced calcium hydroxide would then dissociate into hydroxide and calcium ions causing an increase in the pH of the medium.

The insignificant difference between the tested sealers regarding the presence of inflammatory infiltrate and mineralisation of apical tissue; is probably due to the ability of both materials to release calcium and hydroxyl ions. However early signs of mild and moderate inflammatory infiltrate in case of Apexit sealer was detected. This may indicate the early release of hydroxyl ions; increasing alkalinity and stimulating inflammation in the surrounding tissue. In deeper areas of tissues, calcium hydroxide acts as a mild irritant, stimulating hard tissue formation \[[@ref17]\]. Such finding was confirmed by the photomicrographs of Apexit where moderate inflammatory areas, moderate angiogenesis and some calcified foci were detected as early as one month evaluation period. Calcium hydroxide based formulations are known for their initial degenerative response followed by rapid mineralisation and ossification \[[@ref21]\] \[[@ref22]\].

The early and insignificant more partial and almost complete healing after two and three months revealed by iRoot SP than Apexit type may be the result of the hydrophilicity of the iRoot SP and the presence of nanoparticles providing a homogenous mixture, high solubility, and good flow characteristics. Diffusion of calcium and hydroxyl ions from a material depends on such characteristics. Such finding is in agreement with Chetna Dudeja et al., \[[@ref23]\], where teeth filled with iRoot SP showed higher pH and calcium ion release when compared with a calcium hydroxide based sealer (Ultracal).

Further studies comparing cohesive strength, marginal leakage and roots weakening the effect of both materials are recommended to conclude the clinical efficiency of both materials.

In conclusion, based on the results above, it could be concluded that the investigated sealers promote healing of periapical tissues. IRoot SP sealer showed early insignificant more partial and almost complete healing after two and three months.
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